Background: GATA2 is a transcription factor that is a critical regulator of gene expression in hematopoietic cells. GATA2 deficiency presents with multi-lineage cytopenia, mycobacterial, fungal and viral infections. Patients with GATA2 mutation have a high risk of developing myelodysplastic syndrome or acute myeloid leukemia.
Background
Disseminated non-tuberculosis mycobacterium (NTM) infections are found in subjects with advanced human immunodeficiency virus infection, hairy cell leukaemia, or under immunosuppressive therapy regimes [1] . Host immune deficiencies with genetic disorders of the interleukin-12 (IL-12)-interferon-γ (IFN-γ) pathway has been also associated with NTM [1] . GATA2 autosomal gene mutations are among these genetic disorders that confer predisposition NTM infections [1] . GATA2 encodes an ill-defined protein containing two zinc-finger domains that is located in the 3p21.3 region and is a key transcriptional regulator of haematopoiesis, lymphopoiesis, and vascular development [2] . Germline loss-of-function mutations in the GATA2 gene are associated with myelodysplastic syndrome (MDS), acute myeloid leukaemia (AML) and opportunistic infections, including NTM infections [3] . GATA2 deficiency/ haploinsufficiency is an etiologic in Emberger and Mono-MAC syndromes [4] . Emberger syndrome includes primary lymphedema, congenital sensorineural deafness, and cutaneous or anogenital warts [5] . MonoMAC syndrome is characterized by monocytopenia, predisposition to NTM infections, typically of the Mycobacterium avium complex, viral and fungal infections, pulmonary alveolar proteinosis, and natural killer (NK) and B cell deficiencies [6] . Recognition of an underlying immune defect associated with genetic susceptibility is crucial for rational treatment, preventive care, and family screening. Our aim is to describe a 20-year follow-up of a male patient finally diagnosed with MonoMAC syndrome. He had long-stand cytopenia, autoimmune and thrombotic phenomena, hypothyroidism and disseminated refractory Mycobacterium kansasii infection. He received anti-NTM regimen with different drugs for seven years. GATA2 mutation was identified in the patient, and his relatives were also investigated. We discuss the clinical features, genetic diagnosis and treatment of this challenging immunodeficiency disorder.
Case presentation
A 43-year-old white male was seen in our clinic due to recurrent sinusitis, ankle and knee arthritis, painless nodular skin lesions at extremities, and eosinophilia in 2008. His clinical history is marked by long-standing pancytopenia and MDS diagnosed in 1996 at age 30, when he complained of spontaneous rectal bleeding and fatigue, which was diagnosed as haemorrhoidal disease (Fig. 1) . Six years after the MDS diagnosis, he was admitted to the hospital with hepatosplenomegaly, erythema nodosum, retroperitoneal lymph node enlargement, and bilateral pleural effusion. Laboratory investigations failed to demonstrate any fungal, bacterial, or HIV infection. Chronic granulomatous pleuritis was discovered, and he was treated empirically for tuberculosis with standard doses of isoniazid, rifampicin, and pyrazinamide. Allergy to pyrazinamide developed, and ethambutol was used instead. Circulating blood cells demonstrated pancytopenia with low monocytes (haemoglobin, 7,7 g/dL; white blood cell (WBC) 3000 cells/μL; lymphocytes, 750/μL; monocytes, 60/μL; and platelets, 95,000/μL). One year later, monocytopenia improved slightly, but thrombocytopenia worsened (WBC, 1900 cells/μL; lymphocytes 475/μL; monocytes, 114/μL; and platelets, 33,000/μL). Seven years later (2006), developed respiratory distress and bronchial analysis was negative for bacterial infection. He was then treated with clarithromycin for possible atypical pneumonia. In 2007, a 27% decrease in total body weight loss was observed. The patient had been complaining of night fever, night sweats, Raynaud phenomenon, left thigh superficial thrombophlebitis, and painless perimalleolar ulcers. Skin and bone marrow (BM) biopsies were performed. The ulcer biopsy revealed vasculitis with eosinophils, whereas the BM biopsy showed myelodysplastic features and noncaseating granuloma, and myeloculture was negative. In 2008, he developed hypothyroidism, recurrent sinusitis, ankle and knee swellings and nodular skin lesions (Fig. 1) . Antineutrophil cytoplasmic antibodies and antinuclear antibodies were within normal limits. He presented WBC 28,610/μL with marked eosinophilia (5440/μL).BM aspirate and biopsy diagnosed MDS without excess blasts. Churg-Strauss syndrome was suspected, and after 3 months of prednisone Table S1 ). The combination of results led to a final diagnosis of MonoMAC syndrome. The patient was treated with 3 days of idarubicin and 7 days of cytarabine chemotherapy and developed cutaneous and pulmonary filamentous fungal infection. A skin biopsy was performed and identified nonspecific spore and septate hyphae. He was treated with liposomal B amphotericin and voriconazole, received consolidation chemotherapy with high doses of cytarabine and was submitted to haematopoietic stem cell transplant (HSCT) with a myeloablative conditioning regimen from his HLA-identical brother. He died nine months after transplantation in October 2016, in other institution, so we are not sure of the exactly cause of death. GATA2 gene sequencing (exon 5) was performed on his relatives, including his HSCT donor and was positive only in his two healthy sons, aged 21 and 28-year-old (Figs. 2 and 3) . The hotspot regions for acquired mutations exons 11-12 of ASXL1 sequencing were also performed in the three GATA2 mutant (GATA2 mut ) subjects but were ASXL1 Wild-Type (ASXL1 WT ) as in Additional file 1: Table S1 .
Discussion and conclusions
MonoMAC syndrome was first described in 2010 in a group of 18 adult patients with disseminated NTM and other opportunistic infections [6] . Half of the patients were diagnosed with MDS/AML, characterized by reduced numbers of circulating monocytes, B cell, and NK cells [6] . Since then, patients with persistent cytopenia, even in the absence of diagnostic morphologic dysplasia, are suspected of having MonoMAC syndrome. In 2011, the MonoMAC syndrome was linked to 12 distinct GATA2 mutations, including the T354 M in the second zinc-finger domain that was also found in our patient [5] . Although GATA2 mutations might be found in a large number of sporadic cases, disease phenotype follows an autosomal dominant inheritance pattern [5] . To date, nearly 380 GATA2-deficient patients have been reported, with an estimated prevalence of myeloid neoplasia of at least 75% [7] . The most frequent clinical features described in GATA2 deficient patients according to literature reviews and in our patient are summarized in Table 1 . Non-infectious conditions also have been described in MonoMAC cases, especially endocrine, rheumatologic, Fig. 2 Familial pedigree Heredogram representing three generations of the family analyzed in this study. GATA2 mutation (GATA2 mut ) and GATA2 wild-type (GATA2 WT ) subjects are represented; the arrow indicates the proband; individuals with numbers were studied and dermatological manifestations with hypothyroidism, panniculitis/erythema nodosum, arthritis and vasculitis. MonoMAC-associated MDS is usually hypocellular, shows atypical megakaryocytes, and fibrosis [8] . The 2016 revision of the World Health Organization classification for myeloid neoplasms has incorporated a subgroup of cases associated with germline mutations, that includes GATA2 [9] . GATA2mut is associated with MonoMAC syndrome despite of variable GATA2 expression and initial presentation spanning from early childhood to late adulthood, with a median age of presentation of 32 years with viral, mycobacterial or fungal infections [6] . The ubiquitous influence of NTM and other infections, accompanied by co-occurrence of monocytopenia, lymphopenia, neoplasia and a vast possibility of symptoms make the initial diagnosis of MonoMAC syndrome difficult for physicians. Clinical suspicion of MonoMAC syndrome is critical to make an early genetic diagnosis and to direct an appropriate management. Other gene mutations, such as mutations in IL12R or IFNγR receptors or STAT1, are also important for differential diagnosis, however, CD4+, T cell and monocyte numbers are often normal in these conditions [1] . Genetic counselling should be offered to at-risk individuals [10] . The proband's father died prematurely from a coronary artery disease (CAD). Because GATA2 has been functionally involved in the pathophysiology of thrombosis and CAD [11] , we hypothesized that GATA2 mut would be present in the first generation of this patient's family, but we didn't have biological material to test him. In healthy carriers of GATA2 mutations, antimicrobial prophylaxis with azithromycin and immunization against human papilloma virus (HPV) are suggested as follow-up treatments [10] . Other recommendations at diagnosis are screening for HPV infection and HPV-related cervical, head and neck and anogenital cancer as well as baseline pulmonary evaluation [10] . It is also important to educate patients and physicians about the increased risk of opportunistic infections, especially NTM. Vigilant BM monitoring, immunoglobulin replacement when low or with recurrent infections, screening for congenital deafness and avoidance of ototoxic drugs are all recommended [10] . Even though characterized as autosomal dominant inheritance, GATA2 mutations are germline heterozygous and might have incomplete penetrance [12] . Allogenic HSCT has been curative for haematopoietic disease in some cases using nonmyeloablative conditioning regimens [13] . Among individuals with GATA2 deficiency progressing to MDS/AML, acquired secondary mutations in the ASXL1 that encoding chromatin-binding protein ASXL1 are detected in approximately 30% of cases, despite being negative in our patient (data not shown) [14] . The prognosis after MDS/AML diagnosis appears to be poor, with the best outcomes reported among individuals undergoing allogeneic HSCT in the early stages of the disease, with an overall survival rate of 57% at 36 months [4] . In conclusion, we presented a patient with long history of NTM infection, MDS, monocytopenia, autoimmune and thrombotic phenomena, hypothyroidism and carrying a GATA mutation. The delay in diagnosis of Mono-MAC syndrome is explained by the diversity of clinical features and lack of medical knowledge by the period of disease presentation. With this report, we hope to call attention to the importance of early diagnosis of this immunodeficiency syndrome. Genetic counselling, clinical management, and HSCT in early disease stages can be safely offered.
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